The decays K + → π + e + e − , K S → π 0 e + e − and K L → π 0 e + e − are reinvestigated within the framework of chiral perturbation theory. The counterterms induced by strong, electromagnetic and weak interactions are determined assuming the resonance exchange. The weak deformation model, the factorization model and the large N c limit are used to create a weak Lagrangian. It is found that the results of the first two approaches depend on the H 1 coupling, defined in the effective chiral Lagrangian of the O(p 4 ) order. The set of parameters used in the extended Nambu and Jona-Lasinio model can accommodete K + → π + e + e − decay rate within the factorization approach. The CP violating K L → π 0 e + e − decay rate is discussed.
Introduction
The decays K → πe + e − inspire many theoretical and experimental studies due to possibility to observe CP violation [1, 2, 3, 4, 5] . There are following [2] and therefore the leading amplitudes for these transitions are of O(p 4 ) order in the chiral perturbation theory (CHPT). At this order there are both oneloop contributions and tree level contributions. The one-loop contribution was determined by G. Ecker, A. Pich and E. de Rafael [1, 2, 3, 4] , but the tree level contribution (or better the counterterm contribution) motivates many studies [5, 6] . The decay K L → π 0 e + e − proceeding via virtual γ * , is forbidden in the limit of CP conservation. The CP conserving process proceeds through two photon exchanges. A CP violating term is proportional to the known ǫ parameter [3] . In addition, there is a direct ∆S = 1 CP violating effect [5, 7] . The amplitudes for processes K + → π + γγ and K S → π 0 γγ involve the same counterterm couplings as processes with one virtual photon exchange. The effective theory contains a large number of unknown parameters. The phenomenological parameters appearing in the strong sector can all be determined, while many of the weak couplings cannot be fixed by experiment.
The authors of ref. [8] have considered the resonance contribution to the coupling constants of the O(p 4 ) effective chiral Lagrangian. They find clear evidence for the importance of vector meson contributions, which account for the bulk of the low-energy coupling constants. The same idea has been questioned in the weak interactions sector [9, 10, 11, 12, 13] . The authors in [9, 12, 13] have studied the most general case of the SU(3) × SU(3) invariant chiral Lagrangian using symmetry principles only, and they found that there appear 37 independent terms. These couplings cannot be determined by present experiments. Therefore, additional assumptions are needed to describe the weak interactions. There are two procedures available: a) the "weak deformation model" b) the "factorization model".
Both models can be formulated without any reference to resonances. Because the strong couplings of the O(p 4 ) order in the chiral Lagrangian seem to be saturated by resonance exchange [8] , it seems natural that the weak interactions at O(p 4 ) order in the chiral Lagrangian might be explained by resonance contributions.
The purpose of this paper is to clarify the role of resonances in the countert-
The paper is organized as follows: In Sect. 2 we shall repeat the general results for K → πγ * and K → πγγ amplitudes and we explain the electroweak counterterm-couplings by resonance exchange. In Sect. 3 we shall analyse these terms using "factorization model", "weak deformatoion models" and we shall apply the extended Nambu and Jona-Lasinio model for the couplings in the strong chiral Lagrangian of O(p 4 ) order. In Sect. 4 the large N c model is combined with the resonance saturation. The K L → π 0 e + e − decay rate is briefly analysed in Sect. 5. In Sect. 6 we give summary of our results.
2 K → πγ * and K → πγγ decays in CHPT It was shown that in the chiral perturbation theory at O(p 2 ) K → πγ * transitions are forbidden for a virtual photon γ * (q) for any value of q 2 [1] .
Combining the contributions coming from one-loop and the counterterms, induced by strong, weak and electromagnetic interactions, [2, 3] , the ampli-
where p and p ′ are pion's and kaon's momenta,
in [1] and from K → ππ it was found that |g 8 | = 5.1. The calculated oneloop correction reduces this value to |g loop 8 | = 4.3 [5, 13] . The factors Φ +,S are split into one-loop and counterterm contributions
The loop contributions Φ K and Φ π are determined in [1, 2, 3] . The W +,S have been defined as [2, 3, 4 ]
and
In these equations L 
with
The notation here is defined below:
and l α and r α denote left and right matrix external fields, with spin 1. In the presence of the external electromagnetic fields only l α = r α = |e|QA α .
The coupling constant L 9 is connected with the renormalized L r 9 as
In this paper we choose ν = m ρ for the renormalization scale ν. In a similar way W 1 and W 2 counterterms of weak and electromagnetic origin can be written in the form [2]
In ref. [2, 3] it was found that in the case of K → πγ * and K → πγγ decays there are three relevant local counterterms:
The analysis of K + → π + γγ decay shows that there is the following combination of coupling constantŝ
The combination L 9 + L 10 and the weak contribution W 1 + 2W 2 + 2W 4 are a renormalization scale invariant [3, 14] . The loop contribution is finite in
In order to determine the resonance saturation of the counterterm couplings in the chiral Lagrangian at O(p 4 ), the lowest order couplings in the chiral expanssion are needed. All these couplings are of O(p 2 ), and resonance exchange will automatically produce contributions of O(p 4 ). Using the equations of motion for resonances, the authors of ref. [8] have found that L 9 , L 10 and H 1 get contributions from vector and axial-vector reconances. They are
where M V and M A are the octet masses of vector and axial-vector mesons.
The octet couplings F V and G V can in principle be determined from the decay rates ρ → l + l − and ρ → 2π, respectively, and they are
For the determination of F A and the octet mass M A in the chiral limit the authors of [8] have used Weinberg's sum rules [18] . These two sum rules connect axial vector meson with vector meson parameters,
The relevant O(p 4 ) couplings L 9 , L 10 and H 1 are in general divergent, like the rest of O(p 4 ) couplings. They depend on the renormalization scale ν which is not seen in the observable quantities. The results we use, like [8, 14, 15] are obtained at ν = M ρ . 
and making the replacement
where
It is useful to introduce two forms
In this model Γ µ is deformed to
After performing the weak deformation on L 4 in (7) the counterterm coupling defined in (15) are found to be
With (24), (25) and (26) we find
what leads, using (5) and (6) 
resulting in bounds W W DM + = 0.89
−0.14 . It is obvious that the numerical value obtained by using the weak deformation model does not explain this experimental limit.
In the case of K + → π + γγ the counterterm coupling defined in (16) iŝ c W DM = 0. In ref.
[5] the relation (34) was criticized as a result of assumption which is not part of the CHPT. We point out that this result originally was derived using the octet dominance hypothesis. Namely, the authors of ref.
[1] have noticed that the one-loop amplitudes for
This relation restricts two pseudoscalars to be in the pure octet in the SU (3) limit. We find that without SU(3) symmetry these amplitudes satisfy
Generally, as it was noticed in ref. [1] , it means that two pseudoscalars can be in state of representation 8, 10, and10 of SU (3), and with the help of ClebschGordon coefficients for 8 × 10 of SU(3) group it can be seen that decuplet components cancel out in (41). Imposing (40), if SU(3) limit holds, or (41) when SU(3) is broken, on the amplitudes containing the weak counterterms, we find that relation (34) exists in both cases, with and without SU(3)
limit. Athough our result for W + disagrees with the experimental bound, we cannot rule out the weak deformation model. The model itself contains very important feature: the relations (33), (34) and (35) are scale independent [4] and further study of this model would be useful.
b) Factorization model
The effective ∆S = 1 weak Hamiltonian is given by
where Q i are four-quark operators and C i (µ 2 ) are Wilson coefficients depending on the QCD renormalization scale µ . To lowest order in CHPT the left-current is realized as
where S 2 is the action determined by L 2 , what gives
To O(p 4 ), the factorization model is defined for the dominant octet part of the weak Lagrangian by
where J
µ is determined from
In our case it leads to
Using these two currents, we easily find (24), (25) and (26) we derive
what results in W bound and the analysis of ref. [3] lead to the limits −7.02 <ĉ < 1.89 and the obtained value forĉ F M = −1.14 is allowed by this bounds. Now, we search for the model which might accommodate this experimental result and we apply the extended Nambu and Jona-Lasinio model described in ref. [20] . In this reference, the low-energy effective action of an extended Nambu and Jona-Lasinio model to O(p 4 ) in the chiral counting is derived.
The couplings of our interest are L 9 , L 10 and H 1 . It was found [20] that these couplings can be expressed as
In these equations we use
where Γ(n, x) denotes the incomplete gamma function
g A can be identified as a constant of the constituent chiral quark model and g might be connected to the gluon vacuum condensate [20] , λ χ is a cut-off scale, M Q is the constituent chiral quark-mass. For the most favorable set of parameters g A = 0.61, M Q = 0.265GeV and λ χ = 1.165GeV [20] , it is easy to calculate L Table 1 we present . These values leads to Using the large N c limit, ∆S = 1 effective Hamiltonian is given by [16, 17] 
The full effective Hamiltonian at the leading order of large N c is
where in the strict large-N c g
) 27 | Nc→∞ = 1 15 , g
) 27 | Nc→∞ = .
In this expression
H 27 induces both |∆I| = transitions via its components
In our calculation we kept both components of Q 2 with |∆I| = , the octet and twenty-sevenplet . With the use of the expressions (43) and (47) we derive
For the K + → π + γγ decay we obtain
The authors of ref. [16] have calculated the octet component of the isospin 1 2 effective Hamiltonian. In the large N c limit the G 8 coupling is g 8 = 
where the subscript Results are in slightly better agreement (factor of 5 3 increase) than the ones derived in [16] for their leading term in al. [7] . The weak operator responsible for this decay is
The amplitude for K L → π 0 e + e − can be written as [2, 5] 
W 5 is defined by the effective Lagrangian counterterm
Taking the φ V and φ A as in [5, 7] φ V = e iπ/4 (0.57 × 10
and [4, 24] . The authors of ref. [5] made a fit to the γγ spectrum in K L → π 0 γγ in order to fix the parameter describing the role of vector mesons at this order. They obtain rather large value of the relevant parameter a V , comparing the results when the weak deformation model was used like in [4, 24] .
Summary
We have investigated counterterm couplings required by CHPT in the de- 
